ABSTRACT Objectives: To examine the characteristics of incidents reported after introduction of a voluntary, non-punitive incident reporting system for neonatal intensive care units (NICUs) in the Netherlands; and to investigate which types of reported incident pose the highest risk to patients in the NICU. Design: Prospective multicentre survey. Methods: Voluntary, non-punitive incident reporting was introduced in eight level III NICUs and one paediatric surgical ICU. An incident was defined as any unintended event which (could have) reduced the safety margin for the patient. Multidisciplinary, unit-based patient safety committees systematically collected and analysed incident reports, and assigned risk scores to each reported incident. Data were centrally collected for specialty-based analysis. This paper describes the characteristics of incidents reported during the first year. Bivariate logistic regression analysis was conducted to identify high-risk incident categories. Results: There were 5225 incident reports on 3859 admissions, of which 4846 were eligible for analysis. Incidents with medication were most frequently reported (27%), followed by laboratory (10%) and enteral nutrition (8%). Severe harm was described in seven incident reports, and moderate harm in 63 incident reports. Incidents involving mechanical ventilation and blood products were most likely to be assigned high-risk scores, followed by those involving parenteral nutrition, intravascular lines and medication dosing errors. Conclusions: Incidents occur much more frequently in Dutch NICUs than has been previously observed, and their impact on patient morbidity is considerable. Reported incidents concerning mechanical ventilation, blood products, intravascular lines, parenteral nutrition and medication dosing errors pose the highest risk to patients in the NICU.
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The care of newborn infants in neonatal intensive care units (NICUs) is associated with great risks to these extremely vulnerable patients. [1] [2] [3] In the growing attention being paid to patient safety, reporting systems have been mentioned as a key strategy for learning from incidents and for monitoring progress in the prevention of their reoccurrence. 4 5 Several researchers have reported that voluntary, non-punitive reporting of incidents-including both adverse events and near misses-generates large volumes of valuable information on type, aetiology, outcome and preventability of incidents. 1 5-7 The benefits of specialtybased reporting programmes have also been described. [5] [6] [7] [8] [9] Suresh and colleagues found that multi-institutional reporting in NICUs identified rare but important errors, as well as error patterns that were unique to the specialty-such as infants being fed breast milk from the wrong mother. 9 In NICUs in the Netherlands, the traditional approach is mandatory reporting to a central hospital committee (MIP) of only those incidents associated with significant patient harm and catastrophic incidents. Therefore, the impact of incidents in NICUs in the Netherlands is probably underestimated. This is supported by the results of a pilot study in a Dutch NICU, where the introduction of voluntary, non-punitive incident reporting to a local NICU committee resulted in a fivefold increase in the number of incident reports. 10 This pilot study proposed a nationwide approach to incidents in the NICU through the introduction of a voluntary, non-punitive incident reporting system for Dutch NICUs. introduction of a voluntary reporting system, selection and prioritisation for indepth analysis become critical steps in handling the large number of incident reports. 11 The objectives of this study were: c to describe the characteristics of incidents reported in Dutch NICUs during the first year after introduction of a specialtybased, voluntary, non-punitive incident reporting system; c to investigate which types of reported incident pose the greatest risk to patients in the NICU. 
METHODS Setting

Data collection and handling
Voluntary, non-punitive incident reporting was introduced to establish specialty-based learning from incidents. Patient safety was defined as 12 :
the avoidance and prevention of patient injuries or adverse events resulting from the process of health care delivery.
An incident was defined as 6 :
any event which could have reduced, or did reduce the safety margin for the patient.
In each unit a multidisciplinary patient safety committee (PSC) was formed, and one nurse and one doctor were appointed as the local coordinators. A system approach (PRISMA-medical method) was used to analyse the causes of incidents, investigating system deficiencies rather than personal failure. 8 13-15 Results of this analysis will be presented in consecutive work. Unit employees were encouraged to communicate openly following incidents, and to report incidents non-anonymously to enable contact with the reporter if any additional information was needed during analysis. Personnel were asked to fill in an incident report form immediately after discovery of an incident. Incidents were either self-reported or reported by personnel who discovered the incident. We developed a standardised report form on the basis of recommendations from the Institute of Medicine. 4 This form included a narrative section, predefined items, and a section including potential severity, risk for reoccurrence, risk scores (table 1) , and planned actions (free text, optional) to be filled in by the PSC during analysis (see online appendix A: NEOSAFE report form). An interdisciplinary meeting provided consensus on incident categorisation and on classification of (potential) severity and risk for reoccurrence.
The PSCs managed an electronic database (Microsoft Access) of reported incidents and results of the subsequent analysis. Incident report forms were labelled with a unique confidential code, and patient and staff confidentiality were ensured by excluding personal identification from the electronic database. Each month, the PSCs provided unit personnel with a summary of reported incidents as well as planned preventive actions related to incidents in their unit. From July 2005, local electronic databases were forwarded to the central investigator (CS) every month and aggregated for specialty-based analysis. To stimulate specialty-based learning, results of local incident reporting, analysis, and planned actions for prevention were discussed at sixmonthly NEOSAFE meetings with the PSCs. The local medical research ethics committee (METC Zwolle) was consulted, which confirmed that this study did not require approval for implementation as it only involved the registration of incidents.
Data analysis
The local databases were aggregated for specialty-based analysis. Figure 1 shows how incident reports were selected for analysis. In this paper we describe the characteristics of incidents reported between 1 July 2005 and 30 June 2006, with respect to incident type, incident description, (potential) severity, staff and patient factors, time and place, and method of detection. For each incident category, bivariate logistic regression analysis was conducted to estimate the odds ratio for inducing high-risk incidents (table 1, risk scores 3 and 4). Each odds ratio referred to the proportion of an individual type of incident in relation to all other types. The variables unit, birth weight, gestational age, and actual age were selected for possible correction and considered a confounder in the event inclusion into the model resulted in a >10% change in the coefficient of the incident category being modelled. 16 SPSS V.12.0.1 was used for analyses. Results are Original article presented as odds ratios with 95% confidence intervals. We used a significance level of p,0.05.
RESULTS
During the study period, 4846 incident reports (on 3859 admissions) were included for analysis. The number of reports from each unit varied slightly during the study period (table 2) . Most incidents (92%) took place during regular care, and the majority (73%) were discovered by nursing staff. Median birth weight of patients involved in reported incidents was 1463 g (range 440-5630 g). Median gestational age was 31 weeks (range 24-43 +6 weeks). Median actual age was 33 +4 weeks, corrected for preterm birth (range 24 +1 to 59 weeks). Eighty-eight per cent of incidents were reported by nursing staff, and 11% by doctors.
Incident categorisation into six major categories and several subcategories is shown in Table 3 . Incidents associated with medication were the most commonly reported, followed by laboratory and enteral nutrition incidents. Descriptions of Original article incidents are given in Table 4 . Many incidents involved wrong dose, wrong ventilator settings or wrong infusion rate. The administration of the wrong product was less frequently reported but it was still considered an important error (102 reports (2.4%), including medication (n = 48), nutrition (enteral n = 22, parenteral n = 29), and blood products (n = 3)). Figure 2 shows actual and potential severity. Significant patient harm (moderate or severe harm) was described in 70 incident reports. Two of these incidents may have contributed to the death of a patient (a 10-fold morphine overdose in a premature, unstable patient; and dysfunctional cerebral function monitoring that delayed treatment of seizures). Another five incidents were expected to result in permanent major harm: 3-day delay in test results for congenital hypothyroid disorder, defective ventilator resulting in severe metabolic acidosis, arterial line occlusion resulting in foot necrosis, burns due to chlorhexidene, and skin necrosis after subcutaneous infusion of packed cells. The remaining 63 incidents involved mechanical ventilation (n = 14), intravascular lines (n = 7), medication (n = 7), peripheral infusion cannulas (n = 8), other material/equipment *The predefined incident descriptions were divided into three main groups, relating to different stages in the process of care. {These three main types of incidents were related to the same set of incident descriptions. {Descriptions were missing in 648/4846 incident reports. Figure 2 Incident severity (n = 4846). Minor, temporary minor harm not involving prolonged stay in the hospital; moderate: permanent minor harm not involving prolonged stay in the hospital or temporary major harm involving prolonged stay in hospital; severe, permanent major harm involving prolonged stay in hospital.
Incident severity
(n = 8), parenteral nutrition (n = 3), diagnostic procedures (n = 2), and other (n = 14). Potential moderate or severe harm was identified in 1604 incident reports (0.42 incident report/ admission), and 28 of these incidents (0.007/admission) were expected to be potentially lethal. Almost a third of incident reports with no or minor actual harm were expected to cause potential moderate harm, severe harm or death.
Risk scores
Two per cent of the incident reports were assigned to the highest risk score (score 4), 31% to risk score 3, 39% to risk score 2, and 28% to the lowest risk score (table 1) . As shown in table 5, relative to all other incident categories, incidents related to blood products and mechanical ventilation were most likely to classify into the highest risk scores (n = 28/52, OR 2.64 (95% CI 1.50 to 4.62), and n = 211/414, OR 2.45 (95% CI 2.00 to 3.02), respectively), followed by parenteral nutrition (OR 1.36) and intravascular lines (OR 1.32). Incidents related to enteral nutrition were least likely to classify into the highest risk scores (OR 0.31), followed by diagnostic procedures (OR 0.62), and medication (OR 0.86). However, a subgroup of medication incidents pertaining to an incorrect dose or infusion rate was more likely to classify into the high risk scores (OR 1.59).
DISCUSSION
This is the first specialty-based study of locally reported incidents in the NICU, covering over 80% of the national NICU population. Incidents occur much more frequently in our NICUs than has been previously observed, and their impact on patient morbidity is considerable. Voluntary incident reporting generated large volumes of incident reports in all participating units. Although the majority of incidents had no actual severe consequences at the time of reporting, many reported incidents were thought to be potentially harmful. Based on the expected frequency of reoccurrence and the potential for harm, the overall risk for patients was high. Thus, the introduction of voluntary, non-punitive incident reporting stimulated personnel to report a great number of high-risk incidents that were captured before they resulted in actual patient harm. The enormous amount of information collected through these near miss incident reports can be very useful in the development of preventive strategies. 17 18 Two similar studies exist on voluntary, non-punitive incident reporting in the NICU. 3 9 However, Suresh and colleagues' multicentre study used external, internet-based reporting by a selected group of healthcare providers, and the other study was performed in a combined NICU/PICU. 3 9 The number of incidents reported to NEOSAFE exceeds the number of reports in both these studies, although the absolute number of incidents resulting in severe or moderate harm was comparable with the multicentre NICU study by Suresh and colleagues. 9 The possibility of personal feedback from the local PSC after nonanonymous local reporting, combined with repeatedly encouraging all personnel to report incidents, may have generated a better reporting climate in our NICUs compared with the other two studies. This is supported by the finding that unit D, which introduced a check for incidents to be reported after every shift, generated the most incident reports (table 2) .
We found that incidents relating to medication were most frequently reported. This is a common finding in the patient safety literature. 6 19 The relative number of medication incidents (27%) is comparable with those reported by Frey and colleagues (29% of all incident reports). 3 Suresh and colleagues 9 reported a 47% incidence of reports on medication, nutrition, or blood products, compared with 42% reported to NEOSAFE. Several other studies exist on medication incidents that are actually or potentially harmful to patients in the NICU. [20] [21] [22] Similar to our findings, dosing errors are frequently reported. [21] [22] [23] Most important, a substantial number of medication incidents are found to be preventable. 21 24 The greatest risk for the patient was found among incident reports pertaining to mechanical ventilation and blood products, followed by intravascular lines and parenteral nutrition. The importance of these incident categories is supported by several studies outside the NICU. 14 25-27 Interestingly, compared with all other reported incidents, the total group of medication incidents was less likely to classify into the highest risk scores, while a subgroup of the two most frequently reported medication incidents-wrong dose and wrong infusion ratewas more likely to classify into the highest-risk scores. This finding is consistent with a recent study concerning proactive risk assessment of the medication use process in the NICU, where the highest risk procedures were found to occur in the administration stage, with common potential failures relating to error in dose and infusion pump settings. 28 In our study, many incidents that resulted in actual severe or moderate harm related to one of the high-risk categories. Therefore, we propose that in voluntary incident reporting systems in the NICU, these high-risk incident categories are selected for analysis of fundamental causes, and prioritised in the development of preventive strategies. 29 Moreover, since some incident categories-blood products for instance-were relatively rare, collection of specialty-based incident reports on a nationwide level can reveal much more information regarding these incidents than local collection alone. 9 Our study had some limitations. First, in a database of voluntary reported incidents, some incident types may be better represented than others. Therefore, the actual number of incidents will be higher. Other methods should be used to detect incident types that are likely to be under-reported in voluntary systems, for instance nosocomial infections. 30 31 However, the results of our study show that voluntary reporting can generate large volumes of information on incidents with (potentially) severe patient harm. Moreover, a specialty-based database of voluntary reported incidents gives a good interpretation of the nature of incidents that are judged important enough to report. This may lead to better compliance to the implementation of future preventive strategies that are based on these incident reports.
Second, we did not describe any preventive actions. Although several corrective actions have been taken in the participating NICUs on the basis of reported incidents, these were often ad hoc and based on local information. Moreover, the beneficial effects of system changes on patient safety in neonatal intensive care were difficult to assess from the available evidence. 7 Therefore, our future studies will focus on further specification of the causes of high-risk incidents in this specialty using PRISMA analysis, 15 and on the development of more powerful methods for prevention.
CONCLUSIONS
Incidents occur much more frequently in Dutch NICUs than has been previously observed, and their impact on patient morbidity is considerable. Reported incidents involving mechanical ventilation, blood products, intravascular lines parenteral nutrition and medication dosing errors pose the highest risk to patients in the NICU and should be prioritised for indepth analysis and specialty-based learning.
